Abstract
A group of workers occupationally exposed to lead have had measurements of their tibia lead concentrations made on two occasions separated by five years; on the second occasion calcaneus lead concentrations were also measured. The results serve to confirm the reliability of the measurement technique and to illustrate the improved precision achieved through technical improvements. More importantly, the relation between tibia lead concentration and cumulative blood lead found in this longitudinal study was It has now been possible to repeat the first of these surveys, originally undertaken in 1983, after an interval of five years. Although the number of exposed people was small, it has been possible to examine the change in tibia lead concentration in the intervening time and to compare this with the results of blood lead measurements made during the same period. Also, it was possible to retrieve blood lead monitoring records for this workforce that had not been presented in the previous report, and to construct a blood lead index from these. Lastly, measurements of lead concentrations were made in calcaneus as well as in the tibia as reported previously. Thus the original work, based on cross sectional surveys, has been supplemented and compared with a small scale longitudinal data set.
Population and methods
In the original set of measurements 15 members of the workforce of a precious metal refiner had been examined, one in our laboratory and the remainder on site at the factory. Of these, only five were still employed at the factory; these, and four other members of the workforce, not previously examined, had bone lead measurements. Attempts were made to contact subjects who had left the factory and two of them responded to an invitation to visit our laboratory for follow up measurements. Thus repeated measurements were made on seven people.
Lead concentrations in the tibia and calcaneus were measured simultaneously using two independent sets of "'0Cd excited K x ray fluorescence apparatus. 3 The blood lead records for the period between the two sets of measurements were made available to us, as were all the monitoring data on the 19 people who had participated in one or other of the two sets of measurements.
The records for the interval between measurements were complete with the exception that the two people who had left the factory had not been regularly monitored after they had ceased occupational exposure in 1986. Integrated blood lead indices were calculated for all 19 people in the manner previously described.4 For the two people who had left the factory, environmental exposure between the two bone lead measurements will have been much less than their occupational exposure in the intervening time, so their blood lead indices covered only the period of their occupational exposure. Blood lead concentrations associated with the United Kingdom urban environment are likely to be in the range 10-15 pg dl-',4 and these people had ceased occupational exposure for two years; their average blood lead concentrations while they were at work had been 59 and 65 pg dl-' and they had worked for 12 and 15 years respectively. Cumulative indices were calculated for the time of the original measurements (1983) and for the repeat measurements in 1988. In reconstructing the records it was necessary with certain subjects to extrapolate to times before regular blood lead monitoring had been introduced, and for some cases a substantial interpolation of appreciably greater than one year had to be made because a subject had missed one or more of the monitoring sessions. Thus the blood lead indices were based partly on direct measurement and partly on estimates; for five of the 19 people the estimated portion exceeded 50% of the total cumulative blood lead index.
Results
For the tibia lead measurements made in 1983 the average uncertainty in a single measurement was 9-3pg g bone mineral'-and the mean lead concentration in the 15 people seen then was 54-4pg g bone mineral-'. In 1988 the average uncertainty in a tibia measurement was 4 9,g g bone mineral-' and the mean tibia lead concentration was 44 2pg g bone mineral-' in the 11 people examined at this time. The average uncertainty for calcaneus lead concentration was 10-3pg g bone mineral'-and the mean calcaneus lead concentration was 1 10 7pg g bone mineral' in these 11 people.
For the seven people common to both groups, mean tibia lead concentration was 49Opg g bone mineral-' in 1983 and 58 7pg g bone mineral-' in 1988. The change in the mean was thus +9 7 (SD 3 9)pg g bone mineral-'; the uncertainty quoted being based only on a combination of the measurement counting statistics for the two occasions. The mean change in cumulative blood lead index between the two bone lead measurements was 186 4pg y dl-'. No significant correlation was found between the changes in tibia lead concentrations and blood lead index, which was not surprising given both the large individual errors, particularly in the tibia measurements made in 1983, and the small number of people concerned. The ratio of change in tibia lead concentration to change in blood lead index was 0-052 (SD 0-021), which can be compared with the slope of tibia lead concentration v blood lead index previously seen in cross sectional studies (0 060 (SD 0-005)) and 0 050 (SD 0 003) respectively in factories B and C4 and with the analogous cross sectional relation seen in this factory both for the 1983 measurements (0 103 (SD 0-016)) and the 1988 measurements (0-102 (SD 0-015)). The table summarises these relations.
In the 11 subjects measured in 1988 calcaneus lead concentrations correlated significantly with tibia lead concentrations (r = 0-792, p < 0 005). The structural relation4 was given by: tibia =0 498 x calcaneus -10-97
This is similar to the relation seen in a larger cross sectional survey -namely, tibia =0 400 x calcaneus + 5-88 (2) The mean and SD of the standardised difference between the tibia lead measurements (A) were assessed and found to be 0-962 (SD 0 902). Where tibia,988-tibia,983 (01988 + 01983) (3) A would have an expected mean of 0 and an expected SD of 1 if no change occurred in tibia lead concentration and if all the variance were accounted for. This both confirms the significant increase in bone lead concentration between the two measurements and shows that no evidence existed for increased variance other than that associated with measurement counting statistics.
The reasons for the improvement in precision in tibia lead measurements, from SD 9-3 to SD 4 9,g g bone mineral-', have been discussed elsewhere;7 this study does, however, confirm that significant improvement. It is also noteworthy that the relative precision of the calcaneus measurement (10.3/110 7), is comparable with that of the tibia measurements, Table Relation (4-9/44-2). This is because, in these circumstances of occupational lead exposure, the calcaneus lead concentration is roughly twice that in the tibia when concentrations are expressed with respect to mass of bone mineral.
Discussion
This small study, comprising repeated in vivo bone lead measurements, serves to highlight two points. The first is the reliability of the measurement technique, which was established by the fact that the variance in the difference between tibia lead measurements separated by about five years was all accounted for by the known measurement variance associated with counting statistics. This reliability was further substantiated by the similarity in the relation between calcaneus lead and tibia lead concentrations and that seen in a separate larger cross sectional survey. 6 A second point of interest is the relation between tibia lead concentration and the cumulative blood lead index. This had previously been determined on the basis of cross sectional studies4 so it is particularly encouraging to see that the ratio of changes in tibia lead concentration to cumulative blood lead index was consistent with the slopes of the relations, both those previously reported and those arising from the present data set ( 
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